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相互作用Li2FeSiO4在奈尔温度（TN = 20 K）以下为反铁磁有序。对顺磁区域进行




电流充放电时，首次放电容量高达 160 mAhg-1。在 2 C倍率下充放电，其首次放
电容量达 125 mAhg-1。即使在 5 C和 10 C倍率下充放电，其首次放电容量仍维持






















摘  要 
符。Li2MnxFe1-xSiO4可以实现超过一个Li的可逆交换，水热辅助溶胶凝胶法所合
成Li2Mn0.5Fe0.5SiO4/C复合正极材料的首次放电容量高达 235 mAhg-1，相当于可
逆的嵌脱 1.42 个Li。Li2MnxFe1-xSiO4（0 < x ≤ 1）材料循环容量衰减是材料自身
的性质。Mn3+ 的Jahn-Teller 效应引起的体积变化效应导致材料结构破坏可能是





尔温度(TN = 18 K)以下为反铁磁有序。对顺磁区域进行分析，得到居里常数Cp = 
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Abstract 
 
Lithium metal orthosilicates (Li2MSiO4, M = Fe, Mn, Co) are a new class of 
‘polyanion’ compounds containing compact tetrahedral ‘anion’ structural units 
(SiO4)4– with strong covalent bonding. Orthosilicates are promising candidates for 
next generation of lithium ion batteries, due to their high theoretical capacity and 
excellent safety performance. Polyanion cathode materials are attractive for low-cost, 
good cyclic stability, and excellent thermal stability. However, their low electronic 
conductivity impedes their use as electrode materials in high-power batteries. In this 
work, Li2FeSiO4/C, Li2MnxFe1-xSiO4/C and Li2CoSiO4 electrode materials were 
prepared by modified solid state reaction, sol-gel method and hydrothermal reaction. 
An in-situ carbon coating method by adding sucrose to the synthetic precursor with 
ball-milling techniques was introduced in order to improve the low electronic 
conductivity of these materials. More important, a new synthesis route (hydrothermal 
assisted sol-gel method) has been developed for the preparation of these materials. 
The structure character, physico-chemical properties and electrochemical performance 
of the prepared materials are studied in detail by various methods and techniques, 
including structural analysis, surface analysis, magnetization measurements and 
electrochemical techniques. The factors affecting the electrochemical performance of 
the materials were investigated. 
The studies of Li2FeSiO4/C composite materials prepared by different methods 
show that Li2FeSiO4 powders possess an antiferromagnetic ordering below TN = 20 K 
due to long range Fe–O–Li–O–Fe interactions. Analysis of the paramagnetic region 
giving the Curie–Weiss parameters θP = - 38.1 K and Cp = 3.06 emu·K·mol-1, show the 
divalent state of Fe cations. The morphology, micro-structure and phase purity are the 
main factors affecting the electrochemical performance of the material. The 
Li2FeSiO4/C composite material prepared through hydrothermal assisted sol-gel 
process displays a large discharge capacity of ca. 160 mAhg–1 at C/16 rate and shows 















at least in part, attributed to the high phase purity, porous aggregate nano-structure, 
and improved electronic conductivity through carbon connection. The high rate 
capability and excellent capacity retention of the Li2FeSiO4 material shows high potential 
for cathode materials for high-power lithium-ion batteries. 
The studies of Li2MnxFe1-xSiO4/C composite materials prepared by different 
methods show that Li2MnxFe1-xSiO4 solid solutions can be achieved in a wide 
compositional range. Magnetic susceptibility experiments give evidence that the 
effective moment μeff increases with the increase in Mn content x, consistent with the 
stoichiometric. Electrochemical tests show that more than one Li reversible exchange 
can be achieved for Li2MnxFe1-xSiO4. An optimized capacity and energy density for 
Li2MnxFe1-xSiO4 was achieved at x = 0.5. The Li2Mn0.5Fe0.5SiO4/C composite material 
prepared through hydrothermal assisted sol-gel process shows a capacity as high as 
235 mAhg-1. The studies of the possible fading mechanism of Li2MnxFe1-xSiO4 (x > 0) 
materials show that the poor cyclic performance of Li2MnxFe1-xSiO4 (x > 0) is its 
intrinsic property. The poor cycling performance of the materials is associated with 
the Jahn-Teller effect of Mn3+, which cause the volumetric effect and destroys the 
structure of the materials. 
The studies of Li2CoSiO4 materials prepared by different methods show that two 
modifications of Li2CoSiO4 were prepared by different methods at various synthesis 
conditions. Magnetic susceptibility experiments give evidence that Li2CoSiO4 powers 
posses an antiferromagnetic ordering below TN = 18 K due to long range 
Co–O–Li–O–Co interactions. Analysis of the paramagnetic region giving the 
Curie–Weiss parameters θP = - 31.49 K and Cp = 2.31 emu·K·mol-1. The low 
conductivity of this compound and the difficulty of performing in-situ carbon coating 
to improve its low electronic conductivity result in its poor electrochemical 
performance. Through improving the synthesis methods, optimizing the synthesis 
conditions and coating with carbon by ball milling process, we successfully 
synthesized Li2CoSiO4 material with uniform nanoparticles and high phase purity, 
which shows high electrochemical activity for the first time. Reversible extraction and 
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shown that this material is a potential candidate for new high-voltage cathodes in 
lithium-ion batteries. After coated with carbon nanotubes (CNTs) the Li2CoSiO4 
prepared through hydrothermal assisted sol-gel process shows a discharge capacity of 
101 mAhg−1 in the first cycle. The low electronic conductivity of Li2CoSiO4 and the 
parasitic reaction with the electrolytes contribute to the irreversible capacity loss of 





















Key words: Lithium ion batteries; Orthosilicates; Doping; Magnetic properties; 















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
